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Abstract 
This paper initially proposed a catalytic pyrolysis technology for tar conversion using the rice husk char 
(RHC) and rice husk ash (RHA) supported nickel-iron catalyst during biomass pyrolysis/gasification. 
Biomass tar could be in-situ transformed effectively in the gasifer by co-pyrolysis with the RHC/RHA 
supported catalysts at 800 oC, simplifying the follow-up tar elimination process. Under the optimized 
conditions, the tar conversion efficiency can reach about 92.3% using the Ni-Fe char (namely RHC Ni-Fe, 
without calcination), which exhibited more advantages of convenient and energy-saving. Significantly, 
the partial metal oxides (e.g., NiO) in char matrix could be in-situ deoxidized by reducing gases (e.g., H2, 
CO) or carbon atoms into the metallic status (e.g., Ni0), enhancing the catalytic performance of tar 
conversion. In addition, mixing with other solid particles (e.g., sand, RHC/RHA supported catalysts) can 
improve biomass (e.g., RH) fluidization behavior by optimizing the operation parameters (e.g., particle 
size, mass fraction) in the mode of fluidized bed gasifier (FBG). After the solid-solid mixing simulation, 
the RH mass fraction of 0.5 and the particle diameter of 0.5 mm can be employed in the binary mixture of 
RH and RHC/RHA.  
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1. Introduction 
     Biomass pyrolysis/gasification is considered as one of the most promising technologies for production 
of sustainable fuels that can be used for power generation systems or syngas applications. Condensable 
organics (i.e., polycyclic aromatic hydrocarbons) referred to as “tar” are produced along with syngas 
during biomass gasification and their contents vary from 0.5-100 g/m3 depending on the type and design 
of gasifier, feedstock types, and operating conditions [1]. Tars can condense to more complex structures 
in pipes, filters, or heat exchangers of downstream equipment and processes, possibly causing mechanical 
breakdown of the entire system. Tars may also deactivate catalysts in the refining process.Tar removal by 
efficiently reforming to syngas should be important to commercialize this technology for applications in 
power generation and synthetic fuel production [2].  Moreover, the solids mixing simulation can optimize 
the particle parameters (i.e., biomass, sorbent, catalyst, bed material). In this work, the rice husk char 
(RHC) and rice husk ash (RHA) supported nickel-iron catalysts were prepared by the conventional 
wetness impregnation and calcination method as illustrated in Fig.1A, and used for tar in-situ catalytic 
conversion. Subsequently, the solids mixing of RHC/RHA and RH was preliminary simulated in the 
fluidized bed gasifier (FBG), e.g., bubbling fluidized bed (BFB). 
 
2. Catalytic Activity of Ni-Fe Char  
    The biomass gasification process was conducted in a fixed bed two-stage pyrolysis facility [3]. The 
yields of condensed tar from RH pyrolysis can be greatly reduced by mixing with RH char (RHC, 27.8 
mg/g), Ni-Fe/char (RHA Ni-Fe, 6.7 mg/g) and Ni-Fe char (RHC Ni-Fe, 3.7 mg/g)(Fig.1B), corresponding 
to the tar conversion efficiencies of 42%, 86% and 92.3%, respectively.  After analysis, the partial metal 
oxides (e.g., NiO) in the carbon matrix of Ni-Fe char could be in-situ deoxidized by reducing gases (e.g., 
H2, CO) into the metallic status (e.g., Ni0) (Fig.1C), enhancing the catalytic performance of tar conversion.  
 
Fig.1 (A) preparation of catalysts; (2) the condensed tar yields; (3) changes of metal chemical valence  
 
3. Solids Mixing Simulation in FBG 
 As shown in Fig.1A, fluidization mainly depends on the bed pressure drop and fluidization velocity. 
When the fluid velocity is too small, the solid particles will remain on the bed. The phase between A and 
B is fixed bed phase. When the gas velocity exceeds to B phase, the bed pressure drop decreases slightly 
because of the loose arrangement of solid particles. After that, the gas velocity continues increasing, 
whilst the bed pressure drop keeps constant and the bed height increases gradually. In this moment, the 
solid particles can float in the fluid and roll up and down with the gas movement, which is called 
fluidized bed phase. When the gas velocity is much higher than E point, the whole bed can be taken away 
by the fluid; consequently, the solid particles form the dilute phase in the state of suspension and are 
blown out. After E phase, the normal fluidization state is broken, and the bed pressure drop decreases 
rapidly. Thus, the gas velocity in point E is called the terminal or maximum fluidization velocity (ut).  If 
the fluidizing medium was dry air and the measurements were carried out at a temperature of 20±1 oC and 
ambient pressure, the density and dynamic viscosity of the air could be estimated from the formulas (1) 
and (2) [4]. Generally, the superficial gas velocity umf (m/s) at minimum fluidization can be calculated by 
the empirical formula (3). 
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 Mixtures of solid particles with different size and density tend to separate in vertical direction under 
fluidized conditions. The nonuniform distribution of the different solid components is caused by a 
competitive action of mixing and segregation mechanisms. RH possess very low bulk density (96-160 
kg/m3) and a very low terminal velocity ut (estimated to be 1.0-1.4 m/s based on its physical properties). 
Rao et al.[5] proved that it is difficult to fluidize single RH (Fig.2B), and its fluidization behavior was 
improved by mixing with other particles (i.e., sand). The minimum fluidization velocity (umf) increased 
with the increase of biomass mass fraction, as well as with increasing sand density and particle size. As 
shown in Table 1, although the bulk density (ρb) of the mixed RHA is still low, its particle density (ρp) 
and particle diameter (dp) are comparable to the sand particles. Moreover, the particle size of RHC/RHA 
supported catalysts can be modified easier than sand particles. It is possible that mixing with the 
RHC/RHA supported catalysts can improve RH fluidization behavior in FBG. Thereby, to realize the 
fluidization, it is necessary to simulate the particle sizes of RH and RHC/RHA in a binary mixture static 
system. The fluidizing medium is assumed dry air, carrying out at a temperature of 20±1 oC under 
ambient pressure, the gas density (ρg) and dynamic viscosity (μg) could be estimated as 1.2 kg/m3 and 
4.26×10-5 kg/(m·s). In BFB, when the biomass and inert particles are mixed relative homogeneous in a 
good fluidization state, the mixture particle diameter and density can be calculated by equation (4) and 
(5), respectively. Thus, the umf in the binary mixture of RH and RHC/RHA could be estimated by equation 
(3). Decreasing both the mass fraction and the particle diameter of RH increase the umf of the mixture, 
improving RH fluidization behavior. When the mass fraction of RH increases to 0.5, the umf increases 
dramatically (Fig.2C). On the contrary, when the RH particle diameter exceeds to 0.5 mm, the increase 
tendency of the umf weakens (Fig.2D). If the particle diameters of two components have large difference, 
the mixture would obtain bigger umf  due to the strong segregation effect. Consequently, when the ug is too 
small, the high-density deposits (i.e., RHC, sand) will remain on the bed; whilst low-density of RH can 
keep fluidization state. Thus, the particle diameters of RH and RHC/RHA should employ approximate 
sizes. Furthermore, according to the simulated results, the mass fraction of 0.5 and the particle diameter 
of 0.5 mm can be employed for RH in this mixture system, where the umf is 0.48 m/s. 
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Fig.1 (A) Effect of gas velocity on pressure drop; (B) Characteristic curve of fluidization of single RH; 
Effect of (C) mass fraction (RH particle diameter: 2 mm) and (D) particle diameter (RH mass fraction: 
0.5) on the minimum fluidization velocity in the modeled binary mixture of RH and RHA  
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Table 1. Properties of RH, RHA and sand  
Properties  RH RHA Sand 
Density (kg/m3) Bulk (ρb) 100 120-140 1460 
Particle (ρp) 950 2000 2430 
Average particle diameter (dav,r, 
mm) 
 2 0.108 0.342 
Bed voidage (ε) 1-(ρb/ρp) 0.9 0.93-0.94 0.40 
Sphericity (ϕ) Theoretical calculation 0.19 0.23-0.25 0.92 
Minimum fludization velocity 
(umf, m/s) 
Experimental 
(pressure drop plot) 
- 0.06 0.09 
 
4. Conclusions 
Utilizing high temperature (800 oC) in the gasifier, biomass tar could be in-situ eliminated effectively 
by mixing with the RHC/RHA supported Ni-Fe catalyst. Under the optimized conditions, the tar 
conversion efficiency can reach about 92.3% using the Ni-Fe char without calcination, which exhibited 
more advantages of convenient and energy-saving. Significantly, the partial metal oxides (e.g., NiO) in 
char matrix could be in-situ deoxidized by reducing gases (e.g., H2, CO) or carbon atoms into the metallic 
status (e.g., Ni0), enhancing the catalytic performance of tar conversion. In addition, mixing with other 
solid particles (e.g., sand, RHA) can improve biomass (e.g., RH) fluidization behavior. Herein, the RH 
mass fraction of 0.5 and the particle diameter of 0.5 mm can be employed in the binary mixture of RH 
and RHC/RHA.  However, when this binary mixture system was simulated, some hidden factors were not 
considered. For instance, the metal contents in RHC/RHA were ignored, which may contribute to the 
increase of the particle density; and the real RH or RHC/RHA particles were not uniform. Besides, the 
solid particle density was assumed that it would not changed with the change of particle diameter. In the 
actual situation, the single particle density should be calculated as the sum of all the discrete densities that 
have been produced from the discretisation of the particle. In the further work, it is necessary to combine 
the experiments in the small or large scale FBG with the simulated results to analysis detailedly these 
influence factors. If possible, the ternary mixture of RH, RHC/RHA and other solid particles (e.g., sand, 
dolomite, olivine) should be studied as well.   
 
Acknowledgements 
The first author would like to appreciate the Chinese Scholarship Council (CSC) for the financial support 
under grant No.201206230168. 
 
References 
[1] A. Gómez-Barea and B. Leckner, Gasification of Biomass and Waste. Wiley, Handbook of combustion 2010, 5, 365-399. 
[2] G.Q. Guan, G. Chen, Y. Kasai, E.W.C. Lim, X.G. Hao, M. Kaewpanha, A. Abuliti, C. Fushimi, A. Tsutsumi, Catalytic steam 
reforming of biomass tar over iron- or nickel-based catalyst supported on calcined scallop shell. Appl. Catal. B: Environ. 2012, 115-
116, 159-168. 
[3] Y. Shen, P. Zhao, Q. Shao, D. Ma, F. Takahashi, K. Yoshikawa, In-situ catalytic conversion of tar using rice husk char-
supported nickel-iron catalysts for biomass pyrolysis/gasification. Appl. Catal. B: Environ. 2014, 152-153, 140-151. 
[4] A. Gómez-Barea, B. Leckner, Modelling of biomass gasification in fluidized bed. Prog. Energy Combust. Sci. 2010, 36, 444-
509. 
[5] T.R. Rao, J.V. Ram, Minimum fluidization velocities of mixtures of biomass and sands. Energy 2001, 26, 633-644. 
 
Biography  
Yafei Shen obtained MSc degree (2012) on environmental engineering from Shanghai 
Jiaotong University. Currently he is finishing his PhD degree in Prof. Kunio Yoshikawa’s 
laboratory at Tokyo Institute of Technology. His research interests are waste management, 
biofuels and environmental function materials from biomass thermochemical treatment.  
 
